To comparatively evaluate cut-off points of waist circumference, body mass index and waist to hip ratio with respect to their ability to predict other individual and multiple cardiovascular disease risk factors. DESIGN: Population-based, cross-sectional surveys. SUBJECTS: A total of 9913 men and women aged 18 ± 74, selected using health insurance registries from ®ve Canadian provinces. MEASUREMENTS: Anthropometric measures, other cardiovascular risk factors, receiver operating characteristic curves, sensitivity, speci®city, positive and negative predictive values. RESULTS: Waist circumference may be the best single indicator of other individual and multiple cardiovascular risk factors. Optimal cut-off points of all anthropometric measures are dependent on age, sex and the prevalence of the risk factor(s) being considered. For waist circumference, cut-off points of 90 cm in men and 80 cm in women may be most appropriate for prediction of individual and multiple risk factors in Caucasian populations. CONCLUSION: Health professionals should incorporate the use of waist circumference measurements in their routine clinical examination of adult patients.
Introduction
In June 1997, the World Health Organization reported overweight and obesity to be`an escalating epidemic', 1 with health consequences that are now well recognized. Obesity is associated with ®ve of the 10 leading causes of death in industrialized countries including heart disease, some types of cancer, stroke, diabetes and atherosclerosis. 2 In Canada, the prevalence of both obesity and cardiovascular disease risk factors is high. 3 ± 6 The World Health Organization has agreed on an international standard for identifying overweight and obesity in adult populations using the body mass index (weightaheight 2 ). 7 However, increased risk of cardiovascular disease has been found in individuals presenting with distribution of excess fat in the abdominal region 8, 9 and at present there is no standard measure of abdominal obesity that is widely accepted. The majority of current studies agree that waist circumference (WC) is probably a better indicator of abdominal fatness and cardiovascular disease than either body mass index (BMI) or waist-to-hip ratio (WHR).
10 ± 14 A WC value of approximately 95 cm in both men and women, and WHR values of 0.94 for men and 0.88 for women have been found to correspond to a critical accumulation of visceral adipose tissue (130 cm 2 ). 15 WCs of 94 cm or greater in men and 80 cm or greater in women have been reported to be indicative of the need for weight management 16 and to identify those at risk for cardiovascular disease. 17 Research to date has been limited with respect to evaluation of the ability of anthropometric measures to predict multiple risk factors for cardiovascular disease. It is now recognized that cardiovascular risk increases with the number of risk factors and that even mild elevations of several risk factors may pose as great or a greater risk as a single highly elevated risk factor. 18 ± 21 The present study was designed to determine and comparatively evaluate cut-off points of WC, BMI and WHR with respect to their ability to individually or collectively predict a number of cardiovascular risk factors at different ages, including multiple risk factors.
Methods
Study design and sample Subjects for this study were participants in the Canadian Heart Health Surveys, which were completed in all 10 Canadian provinces between 1986 and 1992. The present study uses a subgroup of the sample, consisting of individuals living in the provinces of Alberta, Manitoba, Ontario, Quebec and Saskatchewan where waist and hip circumference measurements were taken (9913 individuals).
A detailed description of the survey methods has been given in a previous publication. 22 Strati®ed, two-stage, replicated probability samples were used, with selection made from sampling units based on geographic area, sex and age groups using health insurance registries. Variable response rates were obtained in each province, with the overall response rate for the survey estimated to be 78%.
Measurements
An interview was conducted in the home setting and obtained information regarding physical activity, smoking, diabetes and hypertension status. Blood pressure measurements (systolic and diastolic) were taken according to a standard protocol at the beginning and end of the interview, and repeated two more times in a subsequent clinic visit. Fasting blood samples were obtained and subsequently analyzed at the J. Alick Little Lipid Research Laboratory, University of Toronto, which is certi®ed under the National Heart, Lung and Blood Institute, Center for Disease Control Lipid Standardization Program.
Anthropometric measurements were performed in the morning following a 12 h fast. WC was measured at the end of a normal expiration, with the measuring tape positioned at the level of noticeable waist narrowing. When narrowing could not be determined, the circumference was measured at the level of the lower¯oating rib. For hip circumference, the tape was positioned around the hips at the level of the symphysis pubis and the greatest gluteal protuberance. Height was measured with participants standing on a hard surface against a wall, using a square and tape measure ®xed to the wall. All measurements were recorded to the nearest centimeter. Weight was measured to the nearest 100 g using a calibrated balance beam scale. BMI was calculated as the ratio of weight to height squared (kgam 2 ). WHR was calculated as WC (cm) divided by hip circumference (cm).
Individuals were considered to have hypertension if their average systolic blood pressure was 140 mmHg or if their average diastolic blood pressure was 90 mmHg, or if they were under treatment for hypertension. Treatment for hypertension included prescription medication or nonpharmacological treatment (weight control or sodiumasalt restriction). The presence of abnormal lipid levels was de®ned as total cholesterol 5.2 mmolal or low-density lipoprotein 3.4 mmolal or high density lipoprotein`0.9 mmolal or a ratio of total cholesterol to high density lipoprotein 4.5 mmolal or triglyceride 2.3 mmolal. Combinations of both hypertension and dyslipidemia' and`either hypertension or dyslipidemia' were considered as separate risk factor categories. The presence of`one or more',`two or more' and three or more' of the ®ve major risk factors for cardiovascular disease (hypertension, dyslipidemia, self-reported diabetes, daily cigarette smoking and sedentary lifestyle) were also evaluated. Individuals were considered sedentary if they did not regularly engage in physical activity (at least once a week over the previous month) during their leisure time.
Analyses
Receiver operating characteristic (ROC) curves were used to compare the anthropometric measures. 23 Sensitivity, speci®-city and positive and negative predictive values were calculated over a range of potential cut-off points for WC, BMI and WHR, with respect to predicting the presenceaabsence of the seven previously described risk factor categories. The optimal cut-off point for each anthropometric measure for men and women was determined by the point of convergence of sensitivity and speci®city (ie by simultaneously maximizing the two). This was completed for men and women separately, by 10 y age group, and for all ages combined. McNemar's chi-square statistic was used to determine whether signi®cant differences were present between any two of the three anthropometric measures in terms of accuracy in classifying individuals according to the presenceaabsence of risk factors (ie percentage of true positives and negatives vs false positives and negatives). This analysis was also used to compare WC with combinations of the anthropometric measures (for example WC compared to WC and BMI).
The means reported in this paper have been weighted to account for the sample design. Standard errors were estimated using the jackknife method. These and other analyses were carried out using SAS computer software (SAS Institute Inc.).
Results
Means and standard errors for WC, BMI and WHR are presented in Table 1 . Within any given age category, men have higher anthropometric measurements than women, although BMI is similar for men and women at older ages (55 ± 64 and 65 ± 74). For all men combined the mean WC is approximately 12 cm greater than for all women, and the mean WHR is 0.12 higher for men. The mean BMI is one unit higher for men. All measurements are seen to increase with age for both men and women, up to the 55 ± 64 y age category. Little change is seen in WHR between the 55 ± 64 and 65 ± 74 y age groups, and only a slight increase is seen in WC for men. The mean WC for women declines in the 65 ± 74 y age group, as does BMI for both sexes.
The prevalence of risk factors is shown in Table 2 . The categories of`one or more risk factors', dyslipidemia and hypertension or dyslipidemia' are seen to be most prevalent, while hypertension,`both hypertension and dyslipidemia' and`three or more risk factors' are the least prevalent. An increase in prevalence of all risk factors is seen with increasing age, with the exception of a slight drop in prevalence in some of the risk factors in the older age groups of men. All risk factors are more prevalent in men than women, except in the older age groups. Dyslipidemia is more prevalent in women aged 55 ± 64 and 65 ± 74. The prevalence of`one or more risk factors' is similar in men and women aged 55 ± 64 and greater in women ages 65 ± 74. The prevalence of hypertension and`hypertension and dyslipidemia' is also higher in 65 to 74-y-old women.
The calculated areas under the ROC curves for WC range between 0.68 and 0.76 for both men and women over the selected risk factors (Table 3 ). Areas range between 0.70 and 0.75 (men) and 0.67 and 0.74 (women) for WHR, and between 0.62 and 0.72 (men) and 0.64 and 0.73 (women) for BMI. The area under the ROC curve is most frequently the highest for WC followed by WHR.
Cut-off points for WC, BMI and WHR where sensitivity approximates speci®city for each risk factor (all ages combined) are shown in Comparative evaluation of CVD risk factors CJ Dobbelsteyn et al range between 89 and 95 cm for men and 75 and 82 cm for women over the various risk factors. In general, values are lowest for dyslipidemia,`one or more risk factors' and`either hypertension or dyslipidemia', (the more prevalent risk conditions), and highest for hypertension,`hypertension and dyslipidemia' and`three or more risk factors' (less prevalent risk conditions). Across 10 y age categories, cut-off points for BMI vary between 23 and 28 for men and 22 and 28 for women (data not shown). Values are lowest in the 18 ± 24 y age group and increase with age, but consistently drop in the 65 ± 74 y age category for both men and women. Values for WHR are between 0.84 and 0.95 for men and between 0.74 and 0.83 for women, with the lowest values occurring only in a few isolated instances in the 18 ± 24 y age group. The cutoff points for WC (Table 5 ) vary between 83 and 99 cm for men and 69 and 88 cm for women. Values again increase with age; however, a drop in values is seen in the 65 ± 74 y age group for women only. Across risk factor categories, similar patterns to all ages combined are seen, with the lowest cut-off points for dyslipidemia and`one or more risk factors', and the highest values for hypertension and`three or more risk factors'.
A comparison of the sensitivity, speci®city and the average of the total of sensitivity speci®city for`two or more risk factors', using the three indicators as well as combinations of indicators, is depicted in Figures 1 and 2 . These comparisons use WC cut-off points of 90 cm for men and 80 cm for women, BMI of 25, and WHR values of 0.9 for men and 0.8 for women. For indicators used alone, the averages of sensitivity speci®city values are within 5% of each other for both men and women. Of the three individual indicators, WC has the highest sensitivity while WHR has the highest speci®city and average sensitivity speci®city. No combination of indicators has a higher average sensitivity speci®city than WHR alone. For combinations of one or more indicators, sensitivity is higher than individual indicators, while speci®city is lower. For combinations involving both of any two indicators, or all of the three indicators, the reverse is true.
Comparison of the selected anthropometric measures with respect to their ability to predict the presenceaabsence Comparative evaluation of CVD risk factors CJ Dobbelsteyn et al of`two or more risk factors' is shown in Table 6 . Cut-off points for both WC and WHR are seen to have a higher percentage of correct prediction than BMI for both men and women. There is a signi®cant difference between the percentage of individuals whose risk factor status would be correctly predicted using WC but would be incorrectly predicted using BMI and the percentage of individuals whose risk factor status would be correctly predicted using BMI but would be incorrectly predicted using WC (P`0.01). Similarly, signi®cant differences are seen between WHR and BMI. Figure 1 Sensitivity and speci®city of waist circumference (WC), body mass index (BMI) and waist to hip ratio (WHR) for predicting two or more risk factors in men, the Canadian Heart Health Surveys.
Comparative evaluation of CVD risk factors CJ Dobbelsteyn et al Figure 2 Sensitivity and speci®city of waist circumference (WC), body mass index (BMI) and waist to hip ratio (WHR) for predicting two or more risk factors in women, the Canadian Heart Health Surveys. The difference in accuracy of prediction using WC vs WHR is not signi®cant for either men or women, and no combination of measures (ie WC andaor WHR, BMI or both) is signi®cantly more accurate than WC alone at the 0.01 level of signi®cance. However, the combination of WC and WHR is signi®cantly more accurate than WC alone at the 0.05 level of signi®cance for women. For the other risk factors investigated (data not shown), both WC (90 cm for men and 80 cm for women) and WHR (0.9 for men and 0.8 for women) consistently have a higher average of sensitivity speci®city than BMI 25 has. The averages of sensitivity speci®city for WC and WHR are invariably within 1.3% of one another for males. For females and all risk factors, WC has the highest average sensitivity speci®city of the three individual indicators, except in the case of`three or more risk factors', where WHR is 1.6% higher. When comparing the percentage accuracy of risk factor prediction, WC is consistently more accurate in prediction than BMI (however, in one instance the difference between WC and BMI has borderline signi®cance at the 0.01 level). WC is as accurate or more accurate than WHR in prediction for males (many differences are not signi®cant at P`0.05). For females, WC is more accurate than WHR for`one or more risk factors' and`hypertension or dyslipidemia'. There is no signi®cant difference between WC and WHR for hypertension or for dyslipidemia, while WHR is more accurate than WC in prediction of`hypertension and dyslipidemia' and three or more risk factors'. For the less prevalent risk factors (hypertension,`hypertension and dyslipidemia', and`three or more risk factors'), the use of WC plus another indicator (ie WC and WHR, WC and BMI, all three) is more accurate than WC alone. For more prevalent risk factors (dyslipidemia,`hypertension or dyslipidemia', and`one or more risk factors'), the use of any one or more of the indicators (ie WC or WHR, WC or BMI, any of the three) has more accuracy than use of WC alone.
There are signi®cant differences in the proportion of individuals that would be correctly predicted when the BMI varies between 25 and 26 for men and 23 and 25 for women. A lower BMI is signi®cantly more accurate in prediction of risk factors that are more prevalent, while a higher BMI is more accurate in prediction of the less prevalent risk factors. For WC, a 1 ± 3 cm change in the cut-off value in either direction may or may not make a signi®cant difference in the overall accuracy of prediction. For example, WC of 80 cm for women is not signi®cantly different from the previously identi®ed optimal cut-off point of 77 cm in predicting the presenceaabsence of dyslipidemia. However, signi®cant differences are seen between WC cut-off points of 80 and 81 cm in prediction of hypertension in women.
Discussion
This study has attempted to determine and comparatively evaluate cut-off points of WC, BMI and WHR as predictors of cardiovascular risk factors, primarily based on analysis of sensitivity, speci®city and positive and negative predictive values. Results indicate that ranges of cut-off points for each of these anthropometric variables may be considered. Optimal cut-off points are dependent on sex, age and the prevalence of the risk factor being screened. Lower cut-off points are more appropriate for women, at younger ages, and for more prevalent risk factors such as dyslipidemia. Higher values are more suitable at older ages (although a drop is often seen in the highest age category 65 ± 74), and for less prevalent risk factors such as hypertension and multiple risk factors. When looking at all ages combined, there is little variation in cut-off points for WHR, with 0.9 for men and 0.8 for women considered optimal. These ®gures are in close agreement with ®ndings of previous studies. 24 For BMI, optimal cut-off points range between 23 and 26 for women and 25 and 26 for men. The global standard of BMI25 for measurement of overweight for both sexes 7 falls in both of these ranges. Optimal values of WC fall into a wider range (89 ± 94 cm for men and 77 ± 82 cm for women) and are dependent on the prevalence of the risk factor considered. The optimal WC cut-off points of 94 cm for men and 81 cm for women for hypertension are close to the waist circumference`Action Level 1' proposed by Han et al.
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The ®ndings of this research concur with previous studies in concluding that WC is probably the best single anthropometric measure to use in identifying individuals with cardiovascular disease risk factors. 25 This was re¯ected in the calculated areas under the ROC curves, as well as in comparison of accuracy of the cut-off points in risk factor prediction. When compared to a BMI cut-off point of 25, WC cut-off points of 90 cm for men and 80 cm of women were consistently more accurate in predicting all risk factors considered. WHR also appears to be a better screening tool for cardiovascular risk factors than BMI; however, it does not appear to offer any distinctive advantage over WC. There was often no signi®cant difference between WC and WHR in the accuracy of risk factor prediction, but the former was usually as good or better than the latter.
The WC measure has several advantages over both BMI and WHR. Of primary importance is the simplicity by which it may be used in a clinical setting, and the ease of interpretation. It requires only the use of a tape measure, alleviating the expense of the equipment and space needed to measure height and weight. By requiring a single measurement as opposed to the ratio of two measures, it is less susceptible to measurement and calculation errors. Given these advantages, it is likely that physicians and clinicians would be more accepting of WC measurement. There are a number of problems inherent in the use of a ratio indicator such as WHR, including biological interpretation. 26 Because of the equation used to determine this value, both lean and massively obese individuals may end up having the same WHR. The use of the waist-to-height ratio has been reported to be a useful predictor of coronary heart disease risk factors in other studies. 27 However, previous reports of an associa- 28 were con®rmed at the outset of this study. The minimal improvement that might result from the use of waist-to-height ratio was not felt to be suf®cient to recommend the calculation of a ratio value.
Optimal values of WC are age dependent, in agreement with earlier studies. 29 The identi®cation of higher cut-off points in the lower ages may relate to ®ndings that, for a given WC, older individuals have higher amounts of visceral adipose tissue. 15, 30 No single cut-off point of WC is optimal for all ages and for different cardiovascular risk factors. For practical reasons, the values of 90 cm for men and 80 cm for women may be the best measures to use for the population at large and in a clinical setting. They are easy numbers to remember and are most predictive of`two or more risk factors', which fall into the middle of the range in terms of risk factor prevalence, and probably in terms of predicting risk of cardiovascular disease.
For any indicator and risk factor, there is a constant tradeoff between sensitivity and speci®city, with an increase in sensitivity corresponding to a decrease in speci®city, and the overall accuracy of prediction depending on the population prevalence of the risk factor. 23 It is therefore not surprising that no combination of measures consistently yielded better accuracy than the use of a single measurement. The use of an`eitheraor' indicator option (for example WC or WHR) will result in higher sensitivity and lower speci®city, while the use of a two-or three-indicator combination (for example WC and BMI) will have lower sensitivity but higher speci®city.
It could be argued that it might be wise to identify as many individuals with cardiovascular risk factors as possible by simply maximizing the sensitivity and erring extensively on the side of false positives. However, there is always necessary caution in labeling individuals in need of weight management. For this study, it is felt that a conservative approach was chosen in attempting to ®nd a tradeoff between sensitivity and speci®city by choosing cut-off points where the two converge. In using these cutoff points as a screening tool it is likely there will be a number of individuals who will be erroneously classi®ed as at risk, but who might nonetheless bene®t from nutrition and lifestyle counseling. It is not suggested that individuals who fail the screening and appear to be risk-free undergo further expensive diagnostic testing. However, given the high prevalence of dyslipidemia and hypertension in this population, as well as previous reports of a high number of individuals in this and other populations who are unaware of their hypertensive status, 31, 32 full attention should be provided to those individuals who may possibly be at risk.
In order to increase the sensitivity and speci®city of risk factor prediction using WC, one could consider adjusting the base cut-off points of 90 cm for men and 80 cm for women within a range of 10 cm on either side of these values. The amount of adjustment would be dependent on the age of the individual and the risk factor being considered. The base value could be adjusted 2 cm downward for every 10 y in age below 35 and upward 2 cm for every 10 y in age above 45. The base cut-off point could be adjusted an additional 2 cm downward to predict individuals at risk for`one or more risk factors' and dyslipidemia, and 4 cm higher when considering risk of hypertension,`both hypertension and dyslipidemia' or`three or more risk factors'.
This study has examined the relationship between anthropometric cut-off points and intermediary factors that are likely to lead to incident coronary events or other health problems. For this reason, behavioral risk factors such as smoking and sedentary lifestyle were included. It is understood that the relationship between the anthropometric measures and such risk factors is complex. In addition, many of the risk factors are interrelated, and confound the relationship between abdominal fat distribution and other cardiovascular risk factors. For example, smoking is positively associated with sedentary lifestyle, diabetes and high cholesterol, and inversely associated with high blood pressure. 33 Smoking is reported to double the risk of ischemic heart disease for a person with one other risk factor and quadruple the risk when a second additional risk factor is present. 34 Smoking has been inversely associated with BMI but positively associated with central adiposity in men 35, 36 and women. 35, 37 In this study, smokers were generally found to have a lower mean WC and BMI. A slightly higher mean WHR was seen in smokers in many of the age groups for both men and women.
The site of waist measurement in this study was the point of noticeable waist narrowing, which may have resulted in lower WC cutoff values than might be obtained using other common sites of measurement. While the WHO Expert Committee on Physical Status recommends measurement midway between the lower rib and the iliac crest, 23 the NHANES III guidelines 38 prescribe use of a point just above the right ilium, and the recommendation of the North American Association for the Study of Obesity (NAASO) and the National Heart, Lung, and Blood Institute (NHLBI) 39 is to use the right iliac crest. The lack of a standard measurement for WC is unfortunate, and makes comparison with other studies dif®cult. It is believed that the use of narrowest waist measurement offers greater ease of acceptance and interpretation by the public and may facilitate self-measurement in addition to clinical use. While it is suggested that a standardized body location is necessary to obtain reliable measures of abdominal circumference, 38 it is thought that location of bony landmarks may be dif®cult for both patients and clinicians.
The sampling process used in this study was complex, and although means were weighted and standard errors could be computed using the jackknife method, special macros were not designed for the chi-square statistic. Some accuracy may be lost in the determination of McNemar's chi-square statistic for comparison of the predictive ability of the different anthropometric measures.
Comparative evaluation of CVD risk factors CJ Dobbelsteyn et al It has been reported that the association between WC and risk factors for cardiovascular disease may be populationdependent. 26 Although there was a large number of subjects in this study, only ®ve of the Canadian provinces from the original sample are included. While regional differences exist in the prevalence of obesity and risk factors, there is no reason to believe that this group of individuals differs with respect to the association between the anthropometric cutoffs and risk factor prevalence. Unfortunately, data were not available with respect to ethnic origin, however, the majority of the participants in the survey were Caucasian. Further research is necessary to determine population-speci®c cut-off points before generalizations may be made to populations that are more diverse. 40 The objective of this study was to present a simpli®ed approach to predicting cardiovascular risk in the general population. Ideally, it would be most advantageous to determine the relationship between these anthropometric cut-off points and coronary events or other health outcomes. Similar to other studies supporting the use of WC as a predictor of cardiovascular risk, the current research has used cross-sectional rather than prospective data. However, in a 7-y prospective study, WC has been found the best predictor of diabetes. 41 Future research in this area is warranted. In the meantime, public health policy recommending the use of cut-off points for WC might be bene®cial in prevention and management of these intermediary risk factors. Family physicians and other health care providers should incorporate the measurement of WC into routine clinical examinations or screenings. Patients should be advised of the health risks associated with a high waist measurement and the bene®ts of waist reduction. While providing another means by which individuals may be labeled based on their body size and shape, promotion of WC measurement must be sensitive to issues related to body dissatisfaction and eating disorders. Global awareness of the health risks associated with a large WC should be promoted at the community level, but with appropriate guidelines for interpretation and management.
